In 1996, the International Association for the Study of Lung Cancer (IASLC) launched a worldwide TNM staging project to inform the next edition (seventh) of the TNM lung cancer staging system. In this article, we describe the methods and validation approaches used and discuss the internal and external validity of the recommended changes. Methods: The International Staging Committee agreed on a number of general principles that guided the decision-making process. Internal validity was addressed by visually assessing the consistency of Kaplan-Meier curves across database types, geographic regions and addressing external validity, by assessing the similarity of curves generated using the population-based Surveillance Epidemiology and End Results cancer registry data to those generated using the project database. Cox proportional hazards regression was used to calculate hazard ratios between the proposed stage groupings with adjustment for cell type, sex, age, and region.
I
n 1996, the International Association for the Study of Lung Cancer (IASLC) launched a worldwide TNM staging project to create international databases that would be used to continue the excellent efforts of Dr. Cliff Mountain, who pioneered this approach to lung cancer staging in 1973. [1] [2] [3] Successive iterations of TNM staging for lung cancer have addressed shortcomings identified by the oncology community. Similarly, the IASLC recognized that it is important that further revisions continue to be made to ensure that the international staging system for lung cancer remains fit for its purpose. The work of the International Staging Committee (ISC) that oversaw the conduct of this study will inform the seventh edition of the international staging system for lung cancer.
The ISC identified the following issues that needed to be rectified:
1. There was a lack of validation for individual T, N, and M descriptors in previous iterations. 2. The relatively small database on which previous revisions have been based made it unlikely that the individual descriptors had been adequately assessed. 3. This previously used database was recruited from a limited geographic area and was predominately composed of surgical cases. 4. Criticisms in the literature needed to be addressed and reconciled. This article, written by the Validation and Methodology Subcommittee of the ISC, describes the methods and validation approach used in this retrospective phase of the ongoing IASLC staging initiative and discusses the internal and external validity of the T, N, and M category changes and the stage groupings that are being recommended by the ISC.
METHODS
The IASLC is the only global organization dedicated to the study of lung cancer, with members involved in all aspects of lung cancer diagnosis, imaging, management, and research. Therefore, the IASLC thought that it was ideally placed to organize a large, international database of lung cancer cases collected from diverse geographic areas and managed by all modalities of care. The ISC that oversaw the conduct of this study was established in 1998. Further details regarding the project development have been described elsewhere. 3 At a meeting held in London in 2001, representatives from 23 institutions in 12 countries presented data from their individual databases representing in excess of 80,000 cases. Calls for data eventually increased this number to more than 100,000.
As the project progressed, the ISC created subcommittees to manage the various elements of the project 3 : Cancer Research and Biostatistics, a nonprofit organization based in Seattle, WA, with extensive experience in the conduct and analysis of multicenter studies in North America, is managing and analyzing the project database. Cancer Research and Biostatistics has been responsible for collecting, translating, and compiling the data, creating a data dictionary, and providing the subcommittees with analyses that have informed our recommendations.
Guiding Principles
The ISC agreed on a number of general principles that guided the decision-making process throughout this project:
1. Recommendations should be based on cTNM (clinical TNM) and pTNM (pathologic TNM) to ensure relevancy to all who are diagnosed with lung cancer.
2. Changes should not compromise the use of data from the previous staging system whenever possible. 3. Evidence from external sources should be included in our deliberations. 4. Unproven descriptors should be "flagged" for a later prospective phase.
In a subsequent breakout session, the Validation and Methodology Subcommittee recommended the following additional principles:
5. Design a system that is identical for both pathologic and clinical staging. 6. If boundaries between categories are to be changed, there should be overwhelming evidence to support such changes. This criterion is in recognition of TNM General Rule 6. 4 7. Stage grouping boundaries are not constrained by condition 2 listed above. 8. Surgical cases where there was residual disease at the resection margins, being either microscopic (R1) or macroscopic (R2), should be included in the analyses, provided there were no significant changes to the pathologic staging conclusions 9. The prognostic ability of the revised staging system should be verified by a multivariate analysis that considers other prognostic factors, i.e., histology, age, sex.
Study Population
Collaborating institutions were recruited through announcements in the journal Lung Cancer, by presentations at the IASLC World Conferences and at other conferences and workshops. Institutions known to have data were contacted directly by members of the ISC. Data were accepted from all parts of the globe for all modalities of care, including best supportive care. The time frame was defined as all patients treated between the beginning of 1990 and the end of 2000. Cases were screened for adequate follow-up, histology, and baseline TNM staging. Methods used to compile the database are described in detail elsewhere. 3 The total number of patients submitted to Cancer Research and Biostatistics was 100,869. Of these, 81,015 passed the initial screening requirements of having a new diagnosis rather than a diagnosis of recurrent disease, of either smallcell lung cancer (SCLC) or non-small cell lung cancer (NSCLC), adequate follow-up for survival calculations, and a complete set of either cTNM or pTNM at baseline. Results of the initial screening requirements are summarized in Table 1 , updating our previous report. 3 Of the 81,015 patients passing the initial screen, 36% were treated with surgery only, 11% with radiotherapy alone, 21% with chemotherapy alone, 9% with best supportive care or no treatment, and the remaining patients were managed with combined treatment modalities. The distributions by stage and geographic region for included cases of SCLC and NSCLC are given in Figure 1 .
A small number of cases had been submitted from series or registries and also from clinical trial groups, which may have caused duplication of cases. Where identifiers permitted or in regions where specific clinical trial participation was known, double entries were excluded. However, it was not possible to quantify accurately all such cases.
The study population that passed the initial screening criteria contained 67,725 cases of NSCLC and 13,290 cases of SCLC. The two groups were analyzed separately, and as the focus of this article is the NSCLC cases, the SCLC cases have been excluded from further discussion.
The NSCLC study population included 53,640 clinically staged cases and 33,933 pathologically staged cases, with 20,006 cases both clinically and pathologically staged.
The groups who contributed these NSCLC cases to the project are summarized in Table 2 
Endpoints and Statistical Methods
Survival was measured from the date of entry (date of diagnosis for registries, date of registration for protocols) for clinically staged data and the date of surgery for pathologically staged data to the date of death or last contact and was calculated by the Kaplan-Meier method. 5 For the external validation analyses, Cox proportional hazards regression was used to calculate hazard ratios (HRs) between adjacent groups and to assess the prognostic value of the proposed stage groupings in both the test set and the external validation. In that instance, given the large number of cases available, adjustment for cell type, sex, age, and region was conducted. All analyses were conducted using the SAS System for Windows Version 9.0.
Validation Methodology
Because the data collected were from diverse sources and are not, strictly speaking, population based, we were concerned that conclusions reached may be biased. The Validation and Methodology Subcommittee was formed to address this concern by making recommendations about a validation approach and interpreting the validation analyses. Specifically, the mandate of this committee was to ensure that the recommendations for change were internally and externally valid and that the project would meet Union Internationale Contre le Cancer methodological expectations.
The internal validation approach was to compare results of interest among types of databases (consortium/surgical series versus clinical trials versus series/registries) and among geographic regions (North America versus Australasia versus Europe). If the direction and magnitude of effects were relatively consistent within these subgroups, that would be considered evidence validating the results. Survival curves were visually compared using all cases with the relevant information and also comparing pTNM curves separately from cTNM curves. We did not conduct statistical tests during the validation stage as the numbers often varied widely between data sources, thereby compromising the usefulness of statistical comparisons. For internal validation of the T component analysis by size, a training set of two thirds of the cases was used for testing and validated in the other one third of cases. Similarly, internal validation of proposed stage groupings was conducted by holding out a validation set of one third of the cases. For external validation, cases of NSCLC diagnosed from 1998 to the end of 2000 from the Surveillance, Epidemiology, and End Results Program (SEER) database were chosen. 6 This time frame offered the most detailed extent of disease data. Given the nature of these data, we assigned stage using pTNM when available and cTNM otherwise, that is, using best stage. Hazard ratios and significance levels were calculated for pairwise comparisons of adjacent categories.
In general, our conclusions discounted deviant results when they were based on unstable curves that were the result of small numbers. Our overarching goal was to ensure that no large, deviant subset drove our final recommendations and that whenever it was possible (i.e., the data were available), our results were reflected in our population-based external data set.
RESULTS

Internal and External Validity of Suggested Changes to the T Categories
The following are observations of the Validation and Methodology Subcommittee, in support of the recommendations of the T Subcommittee. Table 3 contains a summary of the Kaplan-Meier survival results and Figures 2 and 3 show the results of our external validation analyses. A supplemental appendix of the Kaplan-Meier survival curves for the internal validity comparisons is available on this journal's Web site. Changes referred to below are described in the paper on the ISC T-category recommendations. 7
Change 1: Subclassify T1 as T1a and T1b by Size
On balance, this finding is both internally and externally valid. Referring to Table 3 , we found that the pT finding was clearly driven by the Australasian data, which made up 62% (2322 of 3579) of cases, with a median survival of 124 months for T1a and 103 months for T1b. The European cT data also showed distinct differences in survival with median survival 64 and 46 months, respectively. When we examined this split by database type, the series/registry subset (19% of pN0 cases used) was not as distinct as the consortia/surgical subset with differences in median survival of 6% and 16%, respectively. Clinical staging was available on only 3283 subjects, whereas pathologic stage was available for 9007. Referring to the clinically staged results, the North American clinical trial and registries/series subsets, which made up 23% of the whole, were not able to distinguish between these groups. As shown in Figure 2 , the SEER external validation in the N0 population supports the split with a 4% difference at 5 years and an HR of 1.27 (p ϭ 0.04) and in the surgical subset of the SEER, whose staging would have been pathologic, the HR was 1.16 (p ϭ 0.02) (data not shown). 
Change 2: Subclassify T2 as T2a and T2b by Size
This finding was consistent across regions with the exception of the Australasian clinical results, where the numbers were small (n ϭ 145) and the North American pathologic results, where the curves do not split until 3 years. Both the pathologically staged results and the consortia/ surgical clinically staged results are consistent and stable, but the number of clinically staged T2b cases was small in the clinical trial and registry/series sources. Overall, for those instances in which the curves were stable, the difference in median survival ranged from 10% to 27% (Table 3) . The SEER external validation in the N0 population strongly supports the split both overall (Figure 2 , 14% difference at 5 years, HR ϭ 1.51, p Ͻ 0.0001) and in the surgical subset (15% difference at 5 years, HR ϭ 1.45, p Ͻ 0.0001, data not shown).
Change 3: Reclassify T2 Tumors Larger than 7 cm as T3
Referring to Table 3 , median survival differences between those subjects with previously staged T2 tumors larger than 7 cm and those with T3 disease were generally small, ranging from Ϫ2% to a 14% difference. Where the differences were greatest, the numbers were small: 21 clinically staged and 46 pathologically staged T2 Ͼ7 cm cases in the North American subset, and 17 clinically staged T2 Ͼ7 cm cases in the clinical trial subset. The population-based SEER data indicate some similarity between the T2b group and the T2 Ͼ7 cm group (HR ϭ 1.15, p ϭ 0.09), but the T2 Ͼ7 cm and T3 curves are statistically significantly different with an HR of 1.18 (p ϭ 0.05) observed, and this finding is more stable when all SEER cases (including Nϩ) are considered (HR ϭ 1.27, p Ͻ 0.0001, data not shown).
Change 4: Reclassify T4 Tumors by Additional Nodules in the Primary Lobe as T3
Referring to Table 3 , with the exception of the North American subset, which was small, cases with additional nodules in the primary lobe experienced better survival than other sixth edition T4 cases, with differences in median survival of 7% in the Australasian group and 5% in the European group. Median survival differences were similar by database type: 6% in the consortia/surgical group and 9% in the registry/series group. We were not able to look at this issue using cTNM because this data element was only available from the surgical data. Referring to the SEER data presented in Figure 3 , we can see an extremely large difference in survival between those with T4 disease due to additional nodules in the same lobe compared with the rest (HR ϭ 1.9, p Ͻ 0.0001). When we restricted to those treated with surgery in the U.S. SEER data, the additional nodule group's survival was better than those even with sixth edition T3 disease (5-year survival rate, 40% and 27%, respectively, data not shown). Note that the SEER Program T3 group excluded those with disease in the adjacent rib.
Change 5: Reclassify M1 by Additional Nodules in the Ipsilateral Lung (different lobe) as T4
This finding was driven by the consortia/surgical pathologic data source (n ϭ 168/180) that was also almost all from the Australasian region (n ϭ 136/180) in which median survival between the additional nodules group was 4% and 6% higher than the "Other T4" patient group. The European pathologic data support the change (n ϭ 43) in that the curve for these patients is quite similar to the "Other T4" group (data not shown), although median survival is 5% lower. Referring to Figure 3 , the SEER data indicate that the 11-month median survival of this group falls above the other T4 cases (9 months) with a HR of 0.86 (p ϭ 0.0002).
Validation of the Decision to Make No Changes to the N Categories
The following are observations of the Validation and Methodology Subcommittee in support of the recommendation of the N Subcommittee to retain the current N category definitions. Table 4 (11, 12) 19 (15, 21) 9 (9,9) 11 (10, 12) 4 (.,.)
survival results comparing the existing TNM N categories by region and database type, and Figure 4 shows the results of our external validation analyses of those categories. A supplemental appendix of the Kaplan-Meier survival curves for the internal validity comparisons is available on this journal's Web site. Further details regarding this recommendation are provided in the paper on the ISC N-category recommendations. 8 The prognostic value of the TNM sixth edition N categories were validated internally by comparing the survival curves of cM0 cases across geographic regions and database types in the IASLC database. All subsets of the IASLC data set generated N category survival curves that were prognostically distinct. However, the degree of spread among the curves varied, likely reflecting variability in case mix within N categories among the geographic regions and data types. Referring to Table 4 , the cN0 to cN3 median survival difference ranged from 21 months in Europe to 59 months in Australasia. The difference in median survival between cN0 and cN3 was smaller in the clinical trials data (13 months) compared with registries (19 months) and consortia/series (50 months). The position of the curves also varied. For example, the median survival of cN0 patients was 29 months in Europe, 43 months in North America, and 70 months in Asia.
External validation was assessed using the SEER data presented in Figure 4 . Each curve is prognostically distinct, although the difference between the N2 and N3 curves is smaller than what we observed in the IASLC data set overall 8 (median survival difference of 2 months in SEER and 5 months in IASLC). The paper presenting the ISC N-category recommendations proposes areas for further investigation when more detailed data become available. 8
Internal and External Validity of Suggested Changes to the M Categories
The following are observations of the Validation and Methodology Subcommittee in support of the recommendations of the M Subcommittee. Table 5 contains a summary of the Kaplan-Meier survival results comparing the existing TNM N categories by region and database type and Figure 5 shows the results of our external validation analyses of those categories. A supplemental appendix of the Kaplan-Meier survival curves for the internal validity comparisons is available on this journal's Web site. Changes referred to below are described in the paper on the ISC M-category recommendations. 9
Change 1: Reclassify Pleural Dissemination (malignant pleural or pericardial effusions, pleural nodules) from T4 to M1
The distinction between this group and the other T4 patients was driven by the European and North American data in the clinically staged analyses. In these regions, the median survival difference between those with pleural dissemination and those with any T4 M0 disease was 5% and 6%, respectively (Table 5) , and the curves are divergent throughout follow-up (see online supplemental appendix). The finding was consistent in two of the three data types, and the curves diverge after the first year in the registry/series group (see online supplemental appendix). Referring to Figure 5 , the SEER data support the external validity of this finding with 4-month median survival for those patients with malignant pleural effusions compared with 10 months for all other T4s. 
Change 2: Subclassify M1 into M1a and M1b
Referring to Table 5 , those patients with metastatic disease attributable to distant metastases had a worse median survival (4 -7 months) than those with pleural dissemination (7-10 months) or those with disease spread to the contralateral lung (9 -11 months) . The ordering of these findings was consistent across regions and database types (see online supplemental appendix). Referring to Figure 5 , the SEER data show less separation between patients with pleural dissemination versus patients with distant metastases; however, the ordering matches that of the IASLC data that are the basis of this recommendation. 9
Internal and External Validity of the Stage Grouping System
The following are observations of the Validation and Methodology Subcommittee, in support of the recommendations of the IASLC International Staging Committee. Figures  6 and 7 and Tables 6 through 9 present the results of the validation analyses of these proposed stage groupings. Changes referred to below are described in the paper on the ISC TNM stage grouping recommendations. 10 Note that these changes are proposed partly to improve prognostication but also to ensure that the groups are clinically sensible with regard to treatment considerations. This aspect of the decision-making process is described in the companion paper. 10 The internal validity of the proposed TNM grouping scheme was assessed via the subset of data reserved as the validation data set. Tables 6 through 9 summarize the results of Cox proportional hazards regression applied to the validation set data, modeling the proposed grouping scheme with adjustment for cell type, sex, age, and region. A parallel analysis of the TNM, sixth edition (TNM 6) applied to the same data set is included for reference. The proposed group- ings were prognostically distinct using clinical stage for pairwise comparisons from stage IIA on, but not for comparisons between the early staged groups (Tables 6 and 7) . Of note, the same failure occurred for TNM 6 and may be due to a peculiarity of the smaller subset of early stage cases in the clinically staged validation data set. The validation exercise did reproduce the improvement achieved by the proposed subgroupings in the separation of stages IIA and IIB for clinical stage.
For pathologic stage (Tables 8 and 9 ), application of the proposed subgroupings to the validation data set achieved the same general results as when applied to the training set and to all available cases as reported previously. 10 Improvements in the R 2 value for the proposed grouping scheme are small but persistent in the validation set analyses, both for clinical and pathologic staging. Survival curves for the proposed TNM subgrouping generated on the validation set data are shown for clinical and pathologic stages in Figure 6 .
External validation was assessed via SEER best stage as shown in Figure 7 . Both TNM 6 and the newly proposed system perform as expected but with some deficiencies. 
DISCUSSION
The currently accepted staging system for NSCLC was adopted in 1997 by the American Joint Committee on Cancer and the Union Internationale Contre le Cancer, 4 as a response to the need for more specific patient groupings. The intent of this staging system was to provide a consistent and reproducible classification for describing the extent of disease. At the same time, it was intended to provide a prognostic tool to guide clinicians in their treatment choices, as well as being a common language for lung cancer clinicians and researchers throughout the world.
Numerous articles have suggested deficiencies in the current international staging system, and none of these were addressed by TNM 6. 4 For instance, concerns have been expressed in regard to a number of descriptors; most notably, the possibility that size criteria other than the 3-cm cutoff that separates T1 and T2 tumors may be significant. [11] [12] [13] [14] Two recent articles using a Spanish database suggest that this cutoff be replaced with cuts at 2, 4, and 7 cm and that tumors Ͼ7 cm be considered T3. 12, 13 Other studies support the 3-cm cutoff and add an additional cut at 5 cm. 13, 14 This example underscores the controversies that have been discussed in the literature and it also supports the recommended changes to T stage by size made by the ISC. 7 In addition, the appropriateness of the designation given to additional pulmonary nodules in certain locations has been questioned, 15, 16 and there have been suggestions for change of the stage groupings. 17, 18 However, the validity of all the studies, individually and collectively, is limited by one or more shortcomings, which cause them to fall below the standards set by the Union Internationale Contre le Cancer Process for Change Subcommittee. 19 The purpose of the ISC over the past 5 years has been to address these deficiencies using the power of numbers accrued in our international database, together with sophisticated statistical methods and expert advice from members of the global oncology community. This has been a remarkable initiative, but we have some concerns about the limitations of the data. First, several significant geographic areas were not represented. These include the old USSR, South America, Africa, and China. Second, because this was an opportunistic use of existing data sets, we had to make use of data that had been collected for other purposes. So some data fields were missing from each of the data sets. Because we needed extent of disease information beyond TNM stage, the availability of these data in particular varied across the various data sets. As much as possible, the ISC considered the degree of coverage of each variable in its deliberations. Third, the precision of clinical staging, and even pathologic staging, may be subject to variability. This variability will almost always linked to local practices, which determine what level of evidence is required to assign a stage grouping. Although it is not possible to measure the impact of inconsistent staging practices, we do want to point out that such variation is actually reflective of what goes on in practice. That said, some prognostic differences may have been masked by staging inconsistencies in our data. In this context, we think that both random and systematic errors would have attenuated our ability to see prognostic differences and that our examination of the data by type and region has helped to ensure that no errors have occurred in the other direction, that is, declaring prognostic differences when they do not exist. This study is a classic example of the trade-off that often occurs between control over data quality and applicability of research findings to the widest group. Last, given the large number of data sources that we used and their wide geographic coverage, we expect that treatment practices and treatment quality would have varied. It was not possible for us to control for the prognostic impact of treatment for two reasons: (1) controlling for treatment in a multivariate analysis would have interfered with our ability to see extent of disease effects due to the problem of confounding by indication and (2) we had no information about treatment quality per se. However, our data did include patients treated with the full spectrum of treatment options, including no treatment and best supportive care. If there is a treatment-related bias in our findings, it is likely in the direction of reducing our ability to see prognostic differences.
We used the SEER registries' data as our external validation source. These registries are the reference standard by which other registries in the world are measured, and they contain detailed extent of disease information that allowed us to assess key aspects of TNM staging. Because SEER is population based, the entire spectrum of lung cancer presentation is represented. We are not aware of any published findings on the accuracy of the SEER extent of disease data. However, referring to our Figures 4 and 7A , which report the SEER data split by the current TNM N categories and the current TNM stage groups respectively, we find that the wide separation of these curves is evidence of the prognostic validity of the SEER extent of disease assignment.
In the next phase of its work, the ISC is planning to widen its geographic coverage and move into primary data collection that will include purposeful retrospective data capture up to 2007 and prospective data capture starting in 2008. With more control over data collection and better geographic coverage, we will be able to further inform lung cancer staging. Specifically, the goal of this next phase will be to make proposals for consideration in the eighth edition of the TNM classification.
CONCLUSION
We have, with successive revisions of the TNM staging system, become comfortable with established treatment algorithms that have become linked to designated stages of disease. Some of our recommendations will force us all to readdress these links and perhaps change some of these algorithms. However, we should remember that previous revisions have been informed by a smaller database that was never subjected to the intense validation process that we have used. In this respect, our recommendations are more robust than any previous submission. We accept that it is still limited in ways that can only be addressed by the next phase of our work, but, in the meantime, we also believe that this new system for lung staging will greatly improve the usefulness of TNM lung staging across all its purposes. 
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